AMENDMENTS 

IN THE DRAWINGS : 

Please approve the enclosed formal drawings (Sheets 1-11; Figs. 1-17) and substitute them for the 
originally-filed drawings. 

IN THE CLAIMS : 

An unmarked copy of the entire set of pending claims, as amended by this Response, is presented 
on the following page(s). 

No new claims are added. 

/////// 

Claims 1, 2, 3, 6,' 8, ll, 12, 29, 31, 32, 33, 35,-39, 43, and 50 are amended as indicated by an 
attached marked copy of the amended claims (located after the Remarks) showing all the changes 
relative to the previous version of the claims: 
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Claims 


I claim: 
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1 1. (Amended) A power module, comimsing: 

2 an air compressor cell defining a variabloA^olume air compressor chamber, 

3 an air supply port, and an air exit port, said air/supply port and air exit port each 

4 arranged in fluid communication with the air compressor chamber, said air supply 

5 port adapted to communicate with a source of supply air; 

6 an electronically-controllable ma^etically-latchable air supply valve 

7 associated with the air supply port ancj selectively operable to move between i) a 

8 closed position at which the air supmy valve closes the air supply port and thereby 

9 closes fluid communication between the source of supply air and the air conipressor 

10 chamber via the air supply port a(nd ii) an opened position at which the air supply 

1 1 valve opens the air supply port/and thereby opens fluid communication between the 

12 source of supply air and the aftr compressor chamber via the air supply port; 

13 an air pump piston positioned in the air compressor chamber and operable to 

14 move between i) an expansion position at which the air compressor chamber reaches 

15 its maximum volume and ii) a contraction position at which the air compressor 

16 chamber reaches its miiiimum volume; 

17 a combustion/cell defining a variable- volume combustion chamber separate 

18 from the air compressor chamber, an air intake port, and an exhaust port, said air 

19 intake port and ex/naust port each arranged in fluid communication with the 

20 combustion chamber; 

21 an air storage chamber arranged in fluid communication between the air exit 

22 port of the aiy compressor cell and the air intake port of the combustion cell; 

23 an imake valve associated with the air intake port of the combustion cell and 

24 selectivelyyoperable to move between i) a closed position at which the intake valve 

25 closes th^air intake port and thereby closes fluid communication between the air 

26 storage dnamber and the combustion chamber via the air intake port and ii) an 

27 opened^osition at which the intake valve opens the air intake port and thereby opens 

28 fluid communication between the air storage chamber and the combustion chamber 

29 via the air intake port; 
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30 an exhaust valve associated with the exhaust port of the combustimi cell and 

31 selectively operable to move between i) a closed position at which the/exhaust valve 

32 closes the exhaust port and thereby closes fluid communication between the 

33 combustion chamber and the exhaust port and ii) an opened potion at which the 

34 exhaust valve opens the exhaust port and thereby opens fluicf communication 

35 between the combustion chamber and the exhaust port; aja(u 

36 a power piston positioned in the combustion chamber and operable to move 

37 therein between i) an expansion position at which the combustion chamber reaches 

38 its maximum volume and ii) a contraction position at which the combustion chamber 

39 reaches its minimum volume. / 

40 / 

1 2. (Amended) A power module, comprising: 

2 an air compressor cell defining ayvari able- volume air compressor chamber, 

3 an air supply port, and an air exit port^said air supply port and air exit port each 

4 arranged in fluid communication wim the air compressor chamber, said air supply 

5 port adapted to communicate withya source of supply air; 

6 an air supply valve associated with the air supply port and selectively 

7 operable to move between i) a ytlosed position at which the air supply valve closes 

8 the air supply port and thereby closes fluid communication between the source of 

9 supply air and the air compressor chamber via the air supply port and ii) an opened 

10 position at which the air supply valve opens the air supply port and thereby opens 

1 1 fluid communication between the source of supply air and the air compressor 

12 chamber via the air supply port; 

13 an air pump pJston positioned in the air compressor chamber and operable to 

14 move between i) an expansion position at which the air compressor chamber reaches 

15 its maximum volume and ii) a contraction position at which the air compressor 

16 chamber reaches us minimum volume; 

17 a combustion cell defining a variable- volume combustion chamber separate 

18 from the air compressor chamber, an air intake port, and an exhaust port, said air 

19 intake port ana exhaust port each arranged in fluid communication with the 

20 combustion onamber; 
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2 1 an air storage chamber arranged in fluid communication betwep<i the air exit 

22 port of the air compressor cell and the air intake port of the combustion cell; 

23 an intake valve associated with the air intake port of the combustion cell and 

24 selectively operable to move between i) a closed position at wpich the intake valve 

25 closes the air intake port and thereby closes fluid communication between the air 

26 storage chamber and the combustion chamber via the air intake port and ii) an 

27 opened position at which the intake valve opens the aiyintake port and thereby opens 

28 fluid communication between the air storage chamber and the combustion chamber 

29 via the air intake port; / 

30 an exhaust valve associated with the exMust port of the combustion cell and 

31 selectively operable to move between i) a clos^ position at which the exhaust valve 

32 closes the exhaust port and thereby closes flind communication between the 

33 combustion chamber and the exhaust portyand ii) an opened position at which the 

34 exhaust valve opens the exhaust port an/ thereby opens fluid communication 

35 between the combustion chamber and/he exhaust port; and 

'36 a power piston positioned in/the combustion chamber and operable to move 

37 therein between i) an expansion pcfsition at which the combustion chamber reaches 

38 its maximum volume and ii) a contraction position at which the combustion chamber 

39 reaches its minimum volume, further including an air check valve arranged in fluid 

40 communication between said/air exit port of the air compressor cell and the air 

41 storage chamber, said air cpeck valve operable to allow only one-way fluid flow 

42 from the air compressor chamber to the air storage chamber. 

43 / 

1 3. (Amended) A power module, comprising: 

2 an air compre/sor cell defining a variable-volume air compressor chamber, 

3 an air supply port, and an air exit port, said air supply port and air exit port each 

4 arranged in fluid communication with the air compressor chamber, said air supply 

5 port adapted to ccmmunicate with a source of supply air; 

6 an air supply valve associated with the air supply port and selectively 

7 operable to move between i) a closed position at which the air supply valve closes 

8 the air supply port and thereby closes fluid communication between the source of 

9 supply air and the air compressor chamber via the air supply port and ii) an opened 
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10 position at which the air supply valve opens the air supply port and thereby opens 

1 1 fluid communication betv^een the source of supply air and the air compressor 

12 chamber via the air supply port; / 

13 an air pump piston positioned in the air compressor chancer and operable to 

14 move between i) an expansion position at which the air compressor chamber reaches 

15 its maximum volume and ii) a contraction position at which4he air compressor 

16 chamber reaches its minimum volume; / 

17 a combustion cell defining a variable- volume ccmibustion chamber separate 

18 from the air compressor chamber, an air intake port, smd an exhaust port, said air 

19 intake port and exhaust port each arranged in fluid/communication with the 

20 combustion chamber; / 

21 an air storage chamber arranged in flui<i communication between the air exit 

22 port of the air compressor cell and the air intake port of the combustion cell; 

23 an intake valve associated with the/air intake port of the combustion cell and 

24 selectively operable to move between i) £i closed position at which the intake valve 

25 closes the air intake port and thereby closes fluid communication between the air 

26 storage chamber and the combustionychamber via the air intake port and ii) an 

27 opened position at which the intake^valve opens the air intake port and thereby opens 

28 fluid communication between th^ir storage chamber and the combustion chamber 

29 via the air intake port; / 

30 an exhaust valve associated with the exhaust port of the combustion cell and 

3 1 selectively operable to move/between i) a closed position at which the exhaust valve 

32 closes the exhaust port ana thereby closes fluid communication between the 

33 combustion chamber and/the exhaust port and ii) an opened position at which the 

34 exhaust valve opens ther exhaust port and thereby opens fluid communication 

35 between the combustion chamber and the exhaust port; and 

36 a power pisto/n positioned in the combustion chamber and operable to move 

37 therein between i) Mi expansion position at which the combustion chamber reaches 

38 its maximum volume and ii) a contraction position at which the combustion chamber 

39 reaches its minirruim volume, wherein said air supply valve is an electronically- 

40 controllable two/way valve including a movable magnetically-latchable poppet 

41 having an end portion, a return spring operable to bias the poppet towards one 
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position corresponding to tljeTclosed position of the air supply valve, and an 
opening-direction ele^tdcal coil located proximate the end portion of the poppet, 
said opening-direernon electrical coil selectively operable to electromagnetically pull 
the poppet towards another position corresponding to the opened position of the air 
supply v^Jlve. 
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4. The power module of claim 3, further including an electronic control 
unit operable to selectively and independently control the operation of the air supply 
valve with digital pulses of electrical current. 

5. The power module of claim 4, further including an air pressure sensor 
operable to sense the pressure of air in the air storage chamber and provide the 
electronic control unit with a signal indicative of such pressure, said electronic 
control unit operable to move the air supply valve to its opened position in response 
to said pressure being below a threshold air pressure, said electronic control unit 
operable to move the air supply valve to its closed position in response to said 
pressure being at least the threshold air pressure. 



6. (Amended) The power module ofplalrh 5, wherein the control unit is 
operable to selectively and independently-^:6ntrol the operation of the air supply 
valve in further response to at Ig^^fone sensed parameter selected from the group of 
ambient air temperature^,,afnbient barometric pressure, inlet air temperature, inlet air 
pressure, actuating-^id temperature, actuating fluid pressure, throttle position, 
power pistojK^sition, engine brake signals, starter inputs, and ignition switch 
positk 


7. The power module of claim 1, wherein the air compressor cell and 
the combustion cell are integrally formed adjacent one another by a common 
housing. 
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2 an air compressor cell defining a variable-volume air compressor (mamber, 

3 an air supply port, and an air exit port, said air supply port and air exit i^rt each 

4 arranged in fluid communication with the air compressor chamber, sand air supply 

5 port adapted to communicate with a source of supply air; / 

6 an air supply valve associated with the air supply port and selectively 

7 operable to move between i) a closed position at which the aii^upply valve closes 

8 the air supply port and thereby closes fluid communication kfetween the source of 

9 supply air and the air compressor chamber via the air supply port and ii) an opened 

10 position at which the air supply valve opens the air sup/ly port and thereby opens 

1 1 fluid communication between the source of supply air and the air compressor 

12 chamber via the air supply port; / 

13 an air pump piston positioned in the air compressor chamber and operable to 

14 move between i) an expansion position at whion the air compressor chamber reaches 

15 its maximum volume and ii) a contraction po/sition at which the air compressor 

16 chamber reaches its minimum volume; / 

17 a combustion cell defining a varmble- volume combustion chamber separate 

18 from the air compressor chamber, an afr intake port, and an exhaust port, said air 

19 intake port and exhaust port each arranged in fluid conununication with the 

20 combustion chamber; / 

21 an air storage chamber a^anged in fluid communication between the air exit 

22 port of the air compressor cell ^nd the air intake port of the combustion cell; 

23 an intake valve assocmted with the air intake port of the combustion cell and 

24 selectively operable to moye between i) a closed position at which the intake valve 

25 closes the air intake port ^nd thereby closes fluid communication between the air 

26 storage chamber and the combustion chamber via the air intake port and ii) an 

27 opened position at which the intake valve opens the air intake port and thereby opens 

28 fluid communication/between the air storage chamber and the combustion chamber 

29 via the air intake port; 

30 an exhausy valve associated with the exhaust port of the combustion cell and 

3 1 selectively opera^ole to move between i) a closed position at which the exhaust valve 

32 closes the exhaust port and thereby closes fluid communication between the 

33 combustion chamber and the exhaust port and ii) an opened position at which the 
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34 exhaust valve opens the exhaust port and mereby opens fluid communication 

35 between the combustion chamber and the exhaust port; and 

36 a power piston positioned in/fne combustion chamber and operable to move 

37 therein between i) an expansion/^sition at which the combustion chamber reaches 

38 its maximum volume and iv/b. contraction position at which the combustion chamber 

39 reaches its minimum vo^ime, wherein the air pump piston and the power piston are 
40 movable by a commyn d rive device. 

41 

1 9. The power module of claim 8, wherein said common drive device 

2 includes a rotatable crankshaft. 
3 

1 10. The power module of claim 1, further including a direct-injection fuel 

2 injector extending into the combustion chamber and selectively operable to inject 

3 fuel therein. 

_4 , . 

1 11. (Amended) A power module, comprising: 

2 a turbocharger including an exhaust gas inlet afra a compressed air outlet; 

3 an air compressor cell defining a variablp^^lume air compressor chamber, a 

4 free air supply port adapted to communicat^^ith atmosphere, at least one 

5 turbocharged air supply port arranged ham uid communication with the compressed 

6 air outlet of the turbocharger, and an air exit port, said free air supply port, 

7 turbocharged air supply port, ajra air exit port each arranged in separate fluid 

8 communication with the ah/compressor chamber; 

9 an electronical Iv/controllable magnetically-latchable free air supply valve 

10 associated with the free air supply port and selectively operable to move between i) a 

1 1 closed position aj^hich the air supply valve closes the air supply port and thereby 

12 closes fluid communication between atmosphere and the air compressor chamber via 

13 the free ainSupply port and ii) an opened position at which the free air supply valve 

14 opens the free air supply port and thereby opens fluid communication between 

15 atmo^here and the air compressor chamber via the free air supply port; 

16 /an electronically-controllable magnetically-latchable turbocharged air supply 

17 vaflve associated with each turbocharged air supply port and selectively operable to 
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18 move between i) a closed position at which the turbocharged air supjw valve closes 

19 its respective turbocharged air supply port and thereby closes fluid ix^mmunicati on 

20 between the compressed air outlet of the turbocharger and the ay^ompressor 

2 1 chamber via the respective turbocharged air supply port and ii^an opened position at 

22 which the turbocharged air supply valve opens its respective turbocharged air supply 

23 port and thereby opens fluid communication between thor compressed air outlet of 

24 the turbocharger and the air compressor chamber via tfie respective turbocharged air 

25 supply port; / 

26 an air pump piston positioned in the air compressor chamber and operable to 

27 move between i) an expansion position at whiyn the air compressor chamber reaches 

28 its maximum volume and ii) a contraction npsition at which the air compressor 

29 chamber reaches its minimum volume; / 

30 a combustion cell defining a vaiiable-volume combustion chamber separate 

3 1 from the air compressor chamber, an a(ir intake port, a free exhaust port adapted to 

32 communicate with atmosphere, andydt least one drive exhaust port arranged in fluid 

33 communication with the exhaust gas inlet of the turbocharger, said air intake port, 

34 free exhaust port, and drive exha(ust port each arranged in separate fluid 

35 communication with the combustion chamber; 

36 an air storage chamb/r arranged in fluid communication between the air exit 

37 port of the air compressor /ell and the air intake port of the combustion cell; 

38 an intake valve as/sociated with the air intake port of the combustion cell and 

39 selectively operable to move between i) a closed position at which the intake valve 

40 closes the air intake m)rt and thereby closes fluid conmiunication between the air 

41 storage chamber an<a the combustion chamber via the air intake port and ii) an 

42 opened position a/ which the intake valve opens the air intake port and thereby opens 

43 fluid communication between the air storage chamber and the combustion chamber 

44 via the air intake port; 

45 a free exhaust valve associated with the free exhaust port of the combustion 

46 cell and selectively operable to move between i) a closed position at which the free 

47 exhaust valve closes the free exhaust port and thereby closes fluid communication 

48 between the combustion chamber and atmosphere via the free exhaust port and ii) an 

49 opened position at which the free exhaust valve opens the free exhaust port and 
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thereby opens fluid communication between the combustion chamber and 
atmosphere via the free exhaust port; 

a drive exhaust valve associated with each drive exhaust/port of the 
combustion cell and selectively operable to move between i) si closed position at 
which the drive exhaust valve closes its respective drive ex^iaust port and thereby 
closes fluid communication between the combustion chamber and the exhaust gas 
inlet of the turbocharger via the respective drive exhaust port and ii) an opened 
position at which the drive exhaust valve opens its re'spective drive exhaust port and 
thereby opens fluid communication between the combustion chamber and the 
exhaust gas inlet of the turbocharger via the respective drive exhaust port; and 

a power piston positioned in the combi/stion chamber and operable to move 
therein between i) an expansion position at wnich the combustion chamber reaches 
its maximum volume and ii) a contraction p'osition at which the combustion chamber 
reaches its minimum volume. 

12, (Amended) A power module, comprising: 

an actuating fluid compressom:ell defining a variable- volume actuating fluid 
compressor chamber and an actuating fluid port arranged in fluid conmiunication 
with the actuating fluid compressdr chamber, said actuating fluid port adapted to 
communicate with a source of aoiuating fluid; 

an actuating fluid drainypassage; 

an actuating fluid supmy valve arranged in fluid communication between the 
source of actuating fluid andrthe actuating fluid port and selectively operable to 
move between i) a closed position at which the supply valve closes fluid 
communication between tne source of actuating fluid and the actuating fluid 
compressor chamber vi^the actuating fluid port and ii) an opened position at which 
the supply valve opensyiluid communication between the source of actuating fluid 
and the actuating fluid compressor chamber via the actuating fluid port; 

an actuating fluid pump piston positioned in the actuating fluid compressor 
chamber and operable to move therein between i) an expansion position at which 
the actuating fluidiCom pressor chamber reaches its maximum volume and ii) a 
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17 contraction position at which the actuating fluid compressor chamber reaches its 

18 minimum volume; / 

19 a combustion cell defining a variable- volume combustion/chamber, separate 

20 from the actuating fluid compressor chamber, an air intake pcm, an exhaust port, and 

21 an actuating fluid common rail, said air intake port and exhafust port each arranged in 

22 fluid communication with the combustion chamber; / 

23 an actuating fluid storage chamber arranged in miid communication between 

24 the actuating fluid port of the actuating fluid compressor cell and the actuating fluid 

25 common rail; / 

26 a hydraulically-actuatable intake valve as^ciated with the air intake port of 

27 the combustion cell and having an actuating fluid chamber and a piston portion 

28 positioned in the actuating fluid chamber, said intake valve selectively operable to 

29 move between i) a closed position at which/the intake valve closes the air intake port 

30 and thereby closes fluid communication to the combustion chamber via the air intake 

31 port and ii) an opened position at whicWrhe intake valve opens the air intake port 

32 and thereby opens fluid communicaticm to the combustion chamber via the air intake 

33 port; / 

34 an electronically-controUalfle magnetically-latchable first control valve 

35 arranged in fluid communicatioii between the actuating fluid common rail and the 

36 actuating fluid chamber of the/intake valve, said first control valve selectively 

37 operable to move between i)/a closed position at which the first control valve closes 

38 fluid communication between the actuating fluid common rail and the actuating fluid 

39 chamber of the intake val/e and opens fluid communication between the actuating 

40 fluid drain passage and me actuating fluid chamber of the intake valve thereby 

41 allowing the intake vawe to be moved towards its closed position and ii) an opened 

42 position at which the /first control valve opens fluid communication between the 

43 actuating fluid common rail and the actuating fluid chamber of the intake valve and 

44 closes fluid communication between the actuating fluid drain passage and the 

45 actuating fluid chamber of the intake valve thereby allowing the intake valve to be 

46 hydraulicaliy moved towards its opened position ; 

47 a hydraiilically-actuatable exhaust valve associated with the exhaust port of 

48 the combustion cell and having an actuating fluid chamber and a piston portion 
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positioned in the actuating fluid chamber, said exhaust valve selectively ofJerable to 
move between i) a closed position at which the exhaust valve closes the exhaust port 
and thereby closes fluid communication between the combustion/fnamber and the 
exhaust port and ii) an opened position at which the exhaust Wive opens the exhaust 
port and thereby opens fluid communication between the combustion chamber and 
the exhaust port; / 

an electronically-controllable magnetically^tchable second control valve 
arranged in fluid communication between the abating fluid common rail and the 
actuating fluid chamber of the exhaust valvef said second control valve selectively 
operable to move between i) a closed pcWtion at which the second control valve 
closes fluid communication between^e actuating fluid common rail and the 
actuating fluid chamber of the exh^st valve and opens fluid communication 
between the actuating fluid draiil passage and the actuating fluid chamber of the 
exhaust valve thereby allowiiig the exhaust valve to be moved towards its closed 
position and ii) an opened^osition at which the second control valve opens fluid 
communication between the actuating fluid common rail and the actuating fluid 
chamber of the exhaust valve and closes fluid communication between the actuating 
fluid drain passage and the actuating fluid chamber of the exhaust valve thereby 
allowing the exifaust valve to be hydraulically moved towards its opened position; 
and / 

a power piston positioned in the combustion chamber and operable to move 
therein between i) an expansion position at which the combustion chamber reaches 
its maximum volume and ii) a contraction position at which the combustion chamber 
reaones its minimum volume. 


13. The power module of claim 12, further including a check valve 
arranged in fluid communication between the actuating fluid port of the actuating 
fluid compressor cell and the actuating fluid storage chamber, said check valve 
operable to allow only one-way fluid flow from the actuating fluid compressor 
chamber to the actuating fluid storage chamber. 


14. 


The power module of claim 12, wherein said actuating fluid supply 
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2 valve includes a digitally-controlled two-way valve including a movable 

3 magnetically-latchable spool having one end portion and an opposite end portion, a 

4 closing-direction electrical coil located proximate the one end portion of the spool, 

5 and an opening-direction electrical coil located proximate the opposite end portion 

6 of the spool, said closing-direction electrical coil selectively operable to 

7 electromagnetically pull the spool towards one state corresponding to the closed 

8 position of the actuating fluid supply valve, said opening-direction electrical coil 

9 selectively operable to electromagnetically pull the spool towards another state 
10 corresponding to the opened position of the actuating fluid supply valve. 

11 

1 15. The power module of claim 12, wherein said first and second control 

2 valves each include a digitally-controlled three-way valve including a movable 

3 magnetically-latchable spool having one end portion and an opposite end portion, a 

4 closing-direction electrical coil located proximate the one end portion of the spool, 

5 and an opening-direction electrical coil located proximate the opposite end portion 

6 of the spool, said closing-direction electrical coil selectively operable to 

7 electromagnetically pull the spool towards one state corresponding to the closed 

8 position of the first control valve, said opening-direction electrical coil selectively 

9 operable to electromagnetically pull the spool towards another state corresponding to 

10 the opened position of the first control valve. 
11 

1 16. The power module of claim 12, further including an electronic control 

2 unit operable to control the selectable operation of each said electronically- 

3 controllable valves. 
4 

1 17. The power module of claim 16, further including an actuating fluid 

2 pressure sensor operable to i) sense the pressure of actuating fluid in the actuating 

3 fluid storage chamber and ii) provide the electronic control unit with an actuating 

4 fluid pressure signal indicative of said pressure, said electronic control unit operable 

5 to independently control the operation of the actuating fluid supply valve in response 

6 to said actuating fluid pressure signal. 
7 
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1 18. The power module of claim 16, further including an actuating fluid 

2 pressure sensor operable to i) sense the pressure of actuating fluid in the actuating 

3 fluid common rail and ii) provide the electronic control unit with an actuating fluid 

4 pressure signal indicative of said pressure, said electronic control unit operable to 

5 independently control the operation of the first and second control valves in response 

6 to said actuating fluid pressure signal. 
7 

1 19. The power module of claim 16, wherein said electronic control unit 

2 further independently controls the operation of the first and second control valves in 

3 response to at least one sensed parameter selected from the group of ambient air 

4 temperature, ambient barometric pressure, inlet air temperature, inlet air pressure, 

5 actuating fluid temperature, actuating fluid pressure, throttle position, power piston 

6 position, engine brake signals, starter inputs, and ignition switch position. 
7 

1 20. The power module of claim 12, further including an 

2 electronically-controllable hydraulically-actuatable fuel injector extending into the 

3 combustion chamber and selectively operable to inject fuel therein. 
4 

1 21. The power module of claim 20, wherein said injector includes an 

2 actuating fluid chamber, a piston portion positioned in the actuating fluid chamber, a 

3 check valve movable between a closed position at which the check valve blocks 

4 injection of fuel and an opened position at which the check valve opens injection of 

5 fuel, and an electronically-controllable magnetically-latchable third control valve 

6 arranged in fluid communication between the actuating fluid common rail and the 

7 actuating fluid chamber of the injector, said third control valve selectively operable 

8 to move between i) a closed position at which the third control valve closes fluid 

9 communication between the actuating fluid common rail and the actuating fluid 

10 chamber of the injector and opens fluid communication between the actuating fluid 

1 1 drain passage and the actuating fluid chamber of the injector thereby allowing the 

12 check valve of the injector to be moved towards its closed position and ii) an opened 

13 position at which the third control valve opens fluid communication between the 

14 actuating fluid common rail and the actuating fluid chamber of the injector and 



15 
16 
17 
18 
i 

2 
3 
1 
2 
3 
1 
2 
3 
1 

2 
3 
4 
1 

2 
3 
4 
1 

2 
3 


-38- 

closes fluid communication between the actuating fluid drain passage and the 
actuating fluid chamber of the injector thereby allowing the check valve to be 
hydraulically moved towards its opened position. 

22. The power module of claim 21, wherein said injector is a multiple 
stage injector. 

23. The power module of claim 12, wherein said actuating fluid storage 
chamber is integrally formed with the actuating fluid compressor cell. 

24. The power module of claim 12, wherein said actuating fluid storage 
chamber is connected to the actuating fluid compressor cell. 

25. The power module of claim 12, wherein said intake and exhaust 
valves each further include a return spring operable to bias the respective valve 
towards its closed position. 

26. The power module of claim 12, wherein the actuating fluid 
compressor cell and the combustion cell are integrally formed with one another by a 
common housing. 

27. The power module of claim 12, wherein the actuating fluid 
compressor cell and the combustion cell are connected together as a compact unit. 

28. The power module of claim 12, wherein the actuating fluid pump 
piston and the power piston are movable by a common drive device. 


29. (Amended) A power module, comprising: 

an air compressor cell defining a variable-volume air compressor chamber, 
an air supply port, and an air exit port, said air supply port and air exit port each 
arranged in fluid communication with the air compressor chamber, said air supply 
port adapted to communicate with a source of supply air; 
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an air supply valve associated with the air supply port and selectively 
operable to move between i) a closed position at which the i\x supply valve closes 
the air supply port and thereby closes fluid communicatiom between the source of 
supply air and the air compressor chamber via the air^pply port and ii) an opened 
position at which the supply valve opens the air supmy port and thereby opens fluid 
communication between the source of supply air and the air compressor chamber via 
the air supply port; / 

an air pump piston positioned in the ai/ compressor chamber and operable to 
move between i) an expansion position at wJiich the air compressor chamber reaches 
its maximum volume and ii) a contractionyposition at which the air compressor 
chamber reaches its minimum volume; / 

a combustion cell defining a variable- volume combustion chamber, separate 
from the actuating fluid compressor ^amber, an air intake port, an exhaust port, and 
an actuating fluid common rail, said air intake port and exhaust port each arranged in 
fluid communication with the combustion chamber; 

an air storage chamber arranged in fluid communication between the air exit 
port of the air compressor cel^and the air intake port of the combustion cell; 

an air check valve ar/anged in fluid communication between said air exit port 
and the air storage chamber, said air check valve operable to allow only one-way 
fluid flow from the air ccmipressor chamber to the air storage chamber; 

an actuating fluiti compressor cell defining a variable-volume actuating fluid 
compressor chamber Md an actuating fluid port arranged in fluid communication 
with the actuating fluid compressor chamber, said actuating fluid port adapted to 
communicate witly a source of actuating fluid; 

an actuating fluid drain passage; 

an actuating fluid supply valve arranged in fluid communication between the 
source of actuating fluid and the actuating fluid port and selectively operable to 
move between i) a closed position at which the supply valve closes fluid 
communica/ion between the source of actuating fluid and the actuating fluid 
compressor chamber via the actuating fluid port and ii) an opened position at which 
the supply valve opens fluid communication between the source of actuating fluid 
and the actuating fluid compressor chamber via the actuating fluid port; 
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an actuating fluid pump piston positioned in the actuating fluid compressor 
chamber and operable to move therein between i) an expansion positi^ at which 
the actuating fluid compressor chamber reaches its maximum volunpfe and ii) a 
contraction position at which the actuating fluid compressor chamber reaches its 
minimum volume; 

an actuating fluid storage chamber arranged in fluid^communication between 
the actuating fluid port of the actuating fluid compressoybell and the actuating fluid 
common rail; 

an actuating fluid check valve arranged in fluid communication between the 
actuating fluid port of the actuating fluid comppessor cell and the actuating fluid 
storage chamber, said actuating fluid check valve operable to allow only one-way 
fluid flow from the actuating fluid compre^or chamber to the actuating fluid storage 
chamber; 

a hydraulically-actuatable intaj^e valve associated with the air intake port of 
the combustion cell and having an actuating fluid chamber and a piston portion 
positioned in the actuating fluid diamber, said intake valve selectively operable to 
move between i) a closed position at which the intake valve closes the air intake port 
and thereby closes fluid communication between the air storage chamber and the 
combustion chamber via the air intake port and ii) an opened position at which the 
intake valve opens the ai/intake port and thereby opens fluid communication 
between the air storages; hamber and the combustion chamber via the air intake port; 

an electronicaflly-controllable magnetically-latchable first control valve 
arranged in fluid ccmimunication between the actuating fluid common rail and the 
actuating fluid chamber of the intake valve, said first control valve selectively 
operable to move between i) a closed position at which the first control valve closes 
fluid commimication between the actuating fluid common rail and the actuating fluid 
chamber oy the intake valve and opens fluid communication between the actuating 
fluid drain passage and the actuating fluid chamber of the intake valve thereby 
allowing the intake valve to be moved towards its closed position and ii) an opened 
position at which the first control valve opens fluid communication between the 
actuating fluid common rail and the actuating fluid chamber of the intake valve and 
closes fluid communication between the actuating fluid drain passage and the 
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70 actuating fluid chamber of the intake valve thereby allowing tne intake valve to be 

71 hydraulically moved towards its opened position ; / 

72 a hydraulically-actuatable exhaust valve associat^ with the exhaust port of 

73 the combustion cell and having an actuating fluid chamber and a piston portion 

74 positioned in the actuating fluid chamber, said exhaust valve selectively operable to 

75 move between i) a closed position at which the e/haust valve closes the exhaust port 

76 and thereby closes fluid communication between the combustion chamber and the 

77 exhaust port and ii) an opened position at which the exhaust valve opens the exhaust 

78 port and thereby opens fluid communicaticwi between the combustion chamber and 

79 the exhaust port; / 

80 an electronically-controllable magnetically-latchable second control valve 

81 arranged in fluid communication between the actuating fluid common rail and the 

82 actuating fluid chamber of the exMust valve, said second control valve selectively 
'S? operable to move between i) a closed position at which the second control valve 

84 closes fluid communication between the actuating fluid common rail and the 

85 actuating fluid chamber of th^ exhaust valve and opens fluid communication 

86 between the actuating fluid yflrain passage and the actuating fluid chamber of the 

87 exhaust valve thereby alloywing the exhaust valve to be moved towards its closed 

88 position and ii) an openeyfl position at which the second control valve opens fluid 

89 communication between the actuating fluid common rail and the actuating fluid 

90 chamber of the exhaust valve and closes fluid communication between the actuating 

91 fluid drain passage a^d the actuating fluid chamber of the exhaust valve thereby 

92 allowing the exhaust valve to be hydraulically moved towards its opened position; 

93 and / 

94 a power niston positioned in the combustion chamber and operable to move 

95 therein between i) an expansion position at which the combustion chamber reaches 

96 its maximum Volume and ii) a contraction position at which the combustion chamber 

97 reaches its rgftnimum volume. 
98 

1 30. The power module of claim 29, wherein said actuating fluid pump 

2 piston is driven by said air pump piston. 
3 
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1 3L (Amended) A power module, comprising: 

2 an air compressor cell defining a variable-Volume air compressor chamber, 

3 an air supply port, and an air exit port, said air sypply port and air exit port each 

4 arranged in separate fluid communication witMhe air compressor chamber, said air 

5 supply port adapted to communicate with a source of supply air; 

6 an electronically-controllable magnestically-latchable air supply poppet valve 

7 associated with the air supply port, said air supply poppet valve including a 

8 magnetically-latchable poppet having an' end portion and movable between a closed 

9 position and an opened position, a rctvp^i spring operable to bias the poppet of the air 

10 supply poppet valve towards its closetl position at which the poppet of the air supply 

1 1 poppet valve closes the air supply nort and thereby closes fluid communication 

12 between the source of supply air and the air compressor chamber via the air supply 

13 port, and an opening-direction elfectrical coil located proximate the end portion of the 

14 poppet, said opening-direction electrical coil selectively operable to 

15 electromagnetically pull the poppet of the air supply poppet valve towards its opened 

16 position at which the poppetyof the air supply poppet valve opens the air supply port 

17 and thereby opens fluid communication between the source of supply air and the air 

18 compressor chamber via me air supply port; 

19 an air pump piston positioned in the air compressor chamber and operable to 

20 reciprocally move betwyeen i) an expansion position at which the air compressor 

21 chamber reaches its maximum volume and ii) a contraction position at which the air 

22 compressor chamberyf-eaches its minimum volume; 

23 a combustion cell defining a variable-volume internal combustion chamber, 

24 separate from the ^tuating fluid compressor chamber, an air intake port, an exhaust 

25 port, and an actuating fluid common rail, said air intake port and exhaust port each 

26 arranged in separate fluid communication with the combustion chamber; 

27 an air storage chamber arranged in fluid conmiunication between the air exit 

28 port of the air compressor cell and the air intake port of the combustion cell; 

29 an air/check valve arranged in fluid communication between said air exit port 

30 and the air storage chamber, said air check valve operable to allow only one-way 

31 fluid flow from the air compressor chamber to the air storage chamber;. 
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32 an actuating fluid compressor cell defining a variable-volume/actuating fluid 

33 compressor chamber and an actuating fluid port arranged in fluid communication 

34 with the actuating fluid compressor chamber, said actuating flum port adapted to 

35 communicate with a source of actuating fluid; / 

36 an actuating fluid drain passage; / 

37 an electronically-controllable magnetically-latchamle two-way actuating fluid 

38 supply valve arranged in fluid communication between the source of actuating fluid 

39 and the actuating fluid port, said actuating fluid supply valve including a 

40 magnetically-latchable spool having one end portion and an opposite end portion and 

41 movable between a closed position and an opmed position, a closing-direction 

42 electrical coil located proximate the one end/portion of the spool, and an opening- 

43 direction electrical coil located proximate/the opposite end portion of the spool, said 

44 closing-direction electrical coil selectively operable to electromagnetically pull the 

45 spool of the actuating fluid supply vawe towards its closed position at which the 

46 spool of the actuating fluid supply valve closes fluid communication between the 

47 source of actuating fluid and the actuating fluid compressor chamber via the 

48 actuating fluid port, said opening-direction electrical coil selectively operable to 

49 electromagnetically pull the stooI of the actuating fluid supply valve towards its 

50 opened position at which tho^spool of the actuating fluid supply valve opens fluid 

5 1 communication between the source of actuating fluid and the actuating fluid 

52 compressor chamber via ihe actuating fluid port; 

53 an actuating fluiti pump piston positioned in the actuating fluid compressor 

54 chamber and operabWto reciprocally move therein between i) an expansion position 

55 at which the actuatinfg fluid compressor chamber reaches its maximum volume and 

56 ii) a contraction position at which the actuating fluid compressor chamber reaches its 

57 minimum volume/; 

58 an actuating fluid storage chamber arranged in fluid communication between 

59 the actuating miid port of the actuating fluid compressor cell and the actuating fluid 

60 common rally 

61 an actuating fluid check valve arranged in fluid communication between the 

62 actuating ffuid port of the actuating fluid compressor cell and the actuating fluid 

63 storage cMamber, said actuating fluid check valve operable to allow only one-way 
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64 fluid flow from the actuating fluid compressor chamber to the actuating fmid storage 

65 chamber; / 

66 a hydraulically-actuatable intake poppet valve associated with the air intake 

67 port of the combustion cell and having an actuating fluid chamlfer and a piston 

68 portion positioned in the actuating fluid chamber, said intake poppet valve 

69 selectively operable to reciprocally move between i) a ck^sed position at which the 

70 intake poppet valve closes the air intake port and ther^y closes fluid 

71 communication between the air storage chamber ana the combustion chamber via 

72 the air intake port and ii) an opened position at Wnich the intake poppet valve opens 

73 the air intake port and thereby opens fluid conwnunication between the air storage 

74 chamber and the combustion chamber via tKe air intake port; 

75 an electronically-controllable ma^etically-latchable three-way first control 

76 valve arranged in fluid communicatioir between the actuating fluid common rail and 

77 the actuating fluid chamber of the imake valve, said first control valve including a 

78 magnetically-latchable spool havmg one end portion and an opposite end portion and 

79 movable between a closed position and an opened position, a closing-direction 

80 electrical coil located proximpe the one end portion of the spool, and an opening- 

81 direction electrical coil loca/ed proximate the opposite end portion of the spool, said 

82 closing-direction electrical coil selectively operable to electromagnetically pull the 

83 spool towards its closed^position at which the spool of the first control valve closes 

84 fluid communication l^etween the actuating fluid common rail and the actuating fluid 

85 chamber of the intalce poppet valve and opens fluid communication between the 

86 actuating fluid drain passage and the actuating fluid chamber of the intake poppet 

87 valve thereby allowing the intake poppet valve to be moved towards its closed 

88 position, said t&pening-direction electrical coil selectively operable to 

89 electromagnetically pull the spool towards its opened position at which the spool of 

90 the first control valve opens fluid communication between the actuating fluid 

91 common/ail and the actuating fluid chamber of the intake poppet valve and closes 

92 fluid COTnmunication between the actuating fluid drain passage and the actuating 

93 fluid (Chamber of the intake poppet valve thereby allowing the intake poppet valve to 

94 be Iwdraulically moved towards its opened position; 
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95 a hydraulically-actuatable exhaust poppet valve associated with the^haust 

96 port of the combustion cell and having an actuating fluid chamber and a^iston 

97 portion positioned in the actuating fluid chamber, said exhaust popn;^ valve 

98 selectively operable to reciprocally move between i) a closed pos^on at which the 

99 exhaust poppet valve closes the exhaust port and thereby closes fluid communication 

100 between the combustion chamber and the exhaust port and iij an opened position at 
!0l which the exhaust poppet valve opens the exhaust port ana thereby opens fluid 

102 communication between the combustion chamber ancLme exhaust port; 

103 an electronically-controllable magnetically-l^chable three-way second 

104 control valve arranged in fluid communication between the actuating fluid common 

105 rail and the actuating fluid chamber of the exha^ust poppet valve, said second control 

106 valve including a magnetically-latchable spool having one end portion and an 

107 opposite end portion and movable betwee^^ a closed position and an opened position, 

108 a closing-direction electrical coil located proximate the one end portion of the spool, 

109 and an opening-direction electrical ccnl located proximate the opposite end portion 
no of the spool, said closing-directionyelectrical coil selectively operable to 

1 1 1 electromagnetically pull the spool towards its closed position at which the spool of 

1 12 the second control valve close/fluid communication between the actuating fluid 

1 13 common rail and the actuating fluid chamber of the exhaust poppet valve and opens 

1 14 fluid communication between the actuating fluid drain passage and the actuating 

! 15 fluid chamber of the exhaust poppet valve thereby allowing the exhaust poppet valve 

116 to be moved towards its closed position, said opening-direction electrical coil 

1 17 selectively operable to electromagnetically pull the spool towards its opened position 

118 at which the spoolyof the second control valve opens fluid conmiunication between 

1 19 the actuating fluifil common rail and the actuating fluid chamber of the exhaust 

120 poppet valve anti closes fluid communication between the actuating fluid drain 

12 1 passage and ttfe actuating fluid chamber of the exhaust poppet valve thereby 

122 allowing the/exhaust poppet valve to be hydraulically moved towards its opened 

123 position; and 

124 a^ower piston positioned in the combustion chamber and operable to 

125 reciprocally move therein between i) an expansion position at which the combustion 
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126 chamber reaches its maximum volume and ii) a contraction po5ifion at which the 

127 combustion chamber reaches its minimum volume. 

1 32. (Amended) An internal combustion engiiie, comprising: 

2 a plurality of power modules connected to generate work together wherein 

3 each power module separately includes an air cora(pressor cell defining a variable- 

4 volume air compressor chamber, an air supply^ort, and an air exit port, said air 

5 supply port and air exit port each arranged m fluid communication with the air 

6 compressor chamber, said air supply port adapted to communicate with a source of 

7 supply air; an electronically-controllabymagnetically-latchable air supply valve 

8 associated with the air supply port anoselectively operable to move between i) a 

9 closed position at which the air supmy valve closes the air supply port and thereby 

10 closes fluid communication between the source of supply air and the air compressor 

1 1 chamber via the air supply port /nd ii) an opened position at which the air supply 

12 valve opens the air supply port and thereby opens fluid communication between the 

13 source of supply air and theyair compressor chamber via the air supply port; an air 

14 pump piston positioned in/the air compressor chamber and operable to move 

15 between i) an expansion/position at which the air compressor chamber reaches its 

16 maximum volume andAi) a contraction position at which the air compressor chamber 

17 reaches its minimum^ volume; a combustion cell defining a variable-volume 

18 combustion chamber separate from the air compressor chamber, an air intake port, 

19 ' an exhaust port, aind an actuating fluid common rail adapted to be arranged in fluid 

20 communication/ with a source of pressurized actuating fluid, said air intake port and 

21 exhaust port each arranged in fluid communication with the combustion chamber; an 

22 actuating fliud drain passage; an air storage chamber arranged in fluid 

23 communication between the air exit port of the air compressor cell and the air intake 

24 port of the combustion cell; a hydraulically-actuatable intake valve associated with 

25 the air imake port of the combustion cell and having an actuating fluid chamber and 

26 a piston portion positioned in the acting fluid chamber, said intake valve selectively 

27 operable to move between i) a closed position at which the intake valve closes the air 

28 intake port and thereby closes fluid communication between the air storage chamber 

29 and' the combustion chamber via the air intake port and ii) an opened position at 
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30 which the intake valve opens the air intake port and thereby operi^ fluid 

3 1 communication between the air storage chamber and the combustion chamber via 

32 the air intake port; an electronically-controllable magneticaWy-latchable first control 

33 valve arranged in fluid communication between the actiufting fluid common rail and 

34 the actuating fluid chamber of the intake valve, said fu4t control valve selectively 

35 operable to move between i) a closed position at which the first control valve closes 

36 fluid communication between the actuating fluicLcommon rail and the actuating fluid 

37 chamber of the intake valve and opens fluid communication between the actuating 

38 fluid drain passage and the actuating fluid ctiamber of the intake valve thereby 

39 allowing the intake valve to be moved towards its closed position and ii) an opened 

40 position at which the first control valve (^ens fluid communication between the 

41 actuating fluid common rail and the acCuating fluid chamber of the intake valve and 

42 closes fluid communication betweeiyihe actuating fluid drain passage and the 

43 actuating fluid chamber of the intalce valve thereby allowing the intake valve to be 

44 hydraulically moved towards its opened position; a hydraulically-actuatable exhaust 

45 valve associated with the exhai/st port of the combustion cell and having an 

46 actuating fluid chamber and a4)iston portion positioned in the actuating fluid 

47 chamber, said exhaust valve^selectively operable to move between i) a closed 

48 position at which the exhaust valve closes the exhaust port and thereby closes fluid 

49 communication betweeiythe combustion chamber and the exhaust port and ii) an 

50 opened position at whiph the exhaust valve opens the exhaust port and thereby opens 

51 fluid communication/oetween the combustion chamber and the exhaust port; an 

52 electronically-controllable magnetically-latchable second control valve arranged in 

53 fluid communication between the actuating fluid common rail and the actuating fluid 

54 chamber of the exhaust valve, said second control valve selectively operable to move 

55 between i) a closed position at which the second control valve closes fluid 

56 communication between the actuating fluid common rail and the actuating fluid 

57 chamber of the exhaust valve and opens fluid communication between the actuating 

58 fluid drain passage and the actuating fluid chamber of the exhaust valve thereby 

59 allowing the exhaust valve to be moved towards its closed position and ii) an opened 

60 position at which the second control valve opens fluid communication between the 

61 actuating fluid common rail and the actuating fluid chamber of the exhaust valve and 
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62 closes fluid communication between the actuating fluid drain passage a/nd the 

63 actuating fluid chamber of the exhaust valve thereby allowing the exnaust valve to 

64 be hydraulically moved towards its opened position; and a power mston positioned 

65 in the respective combustion chamber and operable to move the^in between i) an 

66 expansion position at which the respective combustion chamber reaches its 

67 maximum volume and ii) a contraction position at which the respective combustion 

68 chamber reaches its minimum volume; wherein said air compressor chambier and air 

69 storage chamber of each power module are isolated from fluid communication and 

70 independently operable with respect to the air compressor chamber and air storage 

7 1 chamber of any other said power module of the internal combustion engine. 

72 / 

1 33. (Amended) An internal combusrtion engine, comprising: 

2 a plurality of power modules connected to generate work together wherein 

3 each power module separately includes anyair compressor cell defining a variable- 

4 volume air compressor chamber, an air supply port, and an air exit port, said air 

5 supply port and air exit port each arranged in fluid communication with the air 

6 compressor chamber, said air supply^port adapted to communicate with a source of 

7 supply air; an air supply valve asso/iated with the air supply port and selectively 

8 operable to move between i) a closed position at which the air supply valve closes 

9 the air supply port and thereby closes fluid communication between the source of 

10 supply air and the air compreafsor chamber via the air supply port and ii) an opened 

1 1 position at which the air supply valve opens the air supply port and thereby opens 

12 fluid communication betweJen the source of supply air and the air compressor 

13 chamber via the air supply port; an air pump piston positioned in the air compressor 

14 chamber and operable to move between i) an expansion position at which the air 

15 compressor chamber reaches its maximum volume and ii) a contraction position at 

16 which the air compressor chamber reaches its minimum volume; a combustion cell 

17 defining a variablewolume combustion chamber separate from the air compressor 

18 chamber, an air imake port, and an exhaust port, said air intake port and exhaust port 

19 each arranged in' fluid communication with the combustion chamber; an air storage 

20 chamber arranged in fluid communication between the air exit port of the air 

21 compressor cell and the air intake port of the combustion cell; an intake valve 


-49- 

22 associated with the air intake port of the combustion cell ancLg^lectively operable to 

23 move between i) a closed position at which the intake valve closes the air intake port 

24 and thereby closes fluid communication between the air storage chamber and the 

25 combustion chamber via the air intake port and ii) aj/ opened position at which the 

26 intake valve opens the air intake port and therebj^opens fluid communication 

27 between the air storage chamber and the combustion chamber via the air intake port; 

28 an exhaust valve associated with the exhaust^ort of the combustion cell and 

29 selectively operable to move between i) a olosed position at which the exhaust valve 

30 closes the exhaust port and thereby closes fluid communication between the 

3 1 combustion chamber and the exhaust yort and ii) an opened position at which the 

32 exhaust valve opens the exhaust poiVand thereby opens fluid communication 

33 between the combustion chamber /nd the exhaust port; and a power piston 

34 positioned in the respective corrvpustion chamber and operable to move therein 

35 between i) an expansion position at which the respective combustion chamber 

36 reaches its maximum volum^and ii) a contraction position at which the respective 

37 combustion chamber reaches its minimum volume; wherein said air compressor 

38 chamber and air storage o^iamber of each power module are isolated from fluid 

39 communication and independently operable with respect to the air compressor 

40 chamber and air storage chamber of any other said power module of the internal 

41 combustion engine^urther including a separate electronic control unit associated 

42 with each power module, each electronic control unit operable to selectively and , 

43 independently control the operation of the respective air supply valve with digital 

44 pulses of electmcal current. 
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1 34. The internal combustion engine of claim 33, further including an air 

2 pressure sensor associated with each power module, said air pressure sensor operable 

3 to sense the pressure of air in the respective air storage chamber and provide the 

4 respective electronic control unit with a signal indicative of such pressure, said 

5 respective electronic control unit operable to move the respective air supply valve to 

6 its opened position in response to said pressure being below a threshold air pressure, 

7 said respective electronic control unit operable to move the respective air supply 
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valve to its closed position in response to said pressure being at least the threshold 
air pressure. 
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35. (Amended) An internal combustion engin^, coniprising: 
a plurality of power modules connected to generate v^ork together wherein 
each power module separately includes an air compr/ssor cell defining a variable- 
volume air compressor chamber, an air supply port/and an air exit port, said air 
supply port and air exit port each arranged in fluifl communication with the air 
compressor chamber, said air supply port adaptaa to communicate with a source of 
supply air; an air supply valve associated withyche air supply port and selectively 
operable to move between i) a closed position at which the air supply valve closes 
the air supply port and thereby closes fluid communication between the source of 
supply air and the air compressor chamber via the air supply port and ii) an opened 
position at which the air supply valve onens the air supply port and thereby opens 
fluid communication between the source of supply air and the air compressor 
chamber via the air supply port; an ai/ pump piston positioned in the air compressor 
chamber and operable to move between i) an expansion position at which the air 
compressor chamber reaches its iimximum volume and ii) a contraction position at 
which the air compressor chamber reaches its minimum volume; a combustion cell 
defining a variable- volume combustion chamber separate from the air compressor 
chamber, an air intake port, aind an exhaust port, said air intake port and exhaust port 
each arranged in fluid communication with the combustion chamber; an air storage 
chamber arranged in fluia communication between the air exit port of the air 
compressor cell and theAir intake port of the combustion cell; an intake valve 
associated with the airAntake port of the combustion cell and selectively operable to 
move between i) a closed position at which the intake valve closes the air intake port 
and thereby closes fluid communication between the air storage chamber and the 
combustion chamber via the air intake port and ii) an opened position at which the 
intake valve opens the air intake port and thereby opens fluid communication 
between the aiy storage chamber and the combustion chamber via the air intake port; 
an exhaust va/ve associated with the exhaust port of the combustion cell and 
selectively operable to move between i) a closed position at which the exhaust valve 
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30 closes the exhaust port and thereby closes fluid communication between the 

3 1 combustion chamber and the exhaust port and ii) ^ opened position at which the 

32 exhaust valve opens the exhaust port and theraby opens fluid communication 

33 between the combustion chamber and the exhaust port; and a power piston 

34 positioned in the respective combustion/chamber and operable to move therein 

35 between i) an expansion position at v/nich the respective combustion chamber 

36 reaches its maximum volume andii) a contraction position at which the respective 

37 combustion chamber reaches itsmiinimum volume; wherein said air compressor 

38 chamber and air storage chamber of each power module are isolated from fluid 

39 communication and indepei?Kiently operable with respect to the air compressor 

40 chamber and air storage onamber of any other said power module of the internal 

41 combustion engine, wherein each control unit is operable to selectively and 

42 independently control/the operation of the respective air supply valve in response to 

43 at least one sensed B(arameter selected from the group of air temperature, air 

44 manifold pressuref actuating fluid temperature, actuating fluid pressure, barometric 

45 pressure, throttl/position, power piston position, engine brake signals, starter inputs, 

46 and ignition switch position. 
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36. The internal combustion engine of claim 32, wherein the air 
compressor cell and combustion cell of each power module are located adjacent to 
one another. 

37. The internal combustion engine of claim 32, wherein said power 
modules are arranged substantially in-line relative to one another. 

38. The internal combustion engine of claim 32, wherein the air 
compressor cells are arranged in an alternating and substantially in-line pattern with 
respect to the combustion cells. 



1 39. (Amended)^^rlntemal combustion engine, comprising: 

2 a plurality of power;?i6dules connected to generate work together wherein each 

3 power module^^^arately includes an actuating fluid compressor cell defining a 
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4 variable-volume actuating fluid compressor chamber and an actuating fluia port 

5 arranged in fluid communication with the actuating fluid compressonefnamber, said 

6 actuating fluid port adapted to communicate with a source of actagfting fluid; an 

7 actuating fluid drain passage; an actuating fluid supply valve ar^nged in fluid 

8 communication between the source of actuating fluid and the/actuating fluid port and 

9 selectively operable to move between i) a closed position at which the supply valve 

10 closes fluid communication between the source of actuapng fluid and the actuating 

1 1 fluid compressor chamber via the actuating fluid port smd ii) an opened position at 

12 which the supply valve opens fluid communication Between the source of actuating 

13 fluid and the actuating fluid compressor chamber /ia the actuating fluid port; an 

14 actuating fluid pump piston positioned in the aerating fluid compressor chamber 

15 and operable to move therein between i) an e/pansion position at which the 

16 actuating fluid compressor chamber reaches/its maximum volume and ii) a 

17 contraction position at which the actuating fluid compressor chamber reaches its 

18 minimum volume; a combustion cell d^ining a variable- volume combustion 

19 chamber, separate from the actuating fluid compressor chamber, an air intake port, 

20 an exhaust port, and an actuating flind common rail, said air intake port and exhaust 

2 1 port each arranged in fluid comm/nication with the combustion chamber; an 

22 actuating fluid storage chambeyarranged in fluid communication between the 

23 actuating fluid port of the actuating fluid compressor cell and the actuating fluid 

24 common rail; a hydraulically-actuatable intake valve associated with the air intake 

25 port of the combustion ceH and having an actuating fluid chamber and a piston 

26 portion positioned in th/ actuating fluid chamber, said intake valve selectively 

27 operable to move between i) a closed position at which the intake valve closes the air 

28 intake port and there^jy closes fluid communication between the air storage chamber 

29 and the combustion chamber via the air intake port and ii) an opened position at 

30 which the intakeVvalve opens the air intake port and thereby opens fluid 

31 communication^between the air storage chamber and the combustion chamber via 

32 the air intake port; an electronically-controllable magnetically-latchable first control 

33 valve arranged in fluid communication between the actuating fluid common rail and 

34 the actuating fluid chamber of the intake valve, said first control valve selectively 

35 operable io move between i) a closed position at which the first control valve closes 
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fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of the intake valve and opens fluid communication between tlWactuating 
fluid drain passage and the actuating fluid chamber of the intake val Ve thereby 
allowing the intake valve to be moved towards its closed position amd ii) an opened 
position at which the first control valve opens fluid communication between the 
actuating fluid common rail and the actuating fluid chamber or the intake valve and 
closes fluid communication between the actuating fluid draiTi passage and the 
actuating fluid chamber of the intake valve thereby allownig the intake valve to be 
hydraulically moved towards its opened position; a hydraulically-actuatable exhaust 
valve associated with the exhaust port of the combustion cell and having an 
actuating fluid chamber and a piston portion positioned in the actuating fluid 
chamber, said exhaust valve selectively operablef to move between i) a closed 
position at which the exhaust valve closes the/exhaust port and thereby closes fluid 
communication between the combustion chamber and the exhaust port and ii) an 
opened position at which the exhaust vah/e opens the exhaust port and thereby opens 
fluid communication between the cornpustion chamber and the exhaust port; an 
electronically-controllable magneticaflly-latchable second control valve arranged in 
fluid communication between the/ctuating fluid common rail and the actuating fluid 
chamber of the exhaust valve, s£fid second control valve selectively operable to move 
between i) a closed position ar which the second control valve closes fluid 
communication between th^ actuating fluid common rail and the actuating fluid 
chamber of the exhaust vsflve and opens fluid communication between the actuating 
fluid drain passage and/the actuating fluid chamber of the exhaust valve thereby 
allowing the exhaust /alve to be moved towards its closed position and ii) an opened 
position at which the second control valve opens fluid communication between the 
actuating fluid common rail and the actuating fluid chamber of the exhaust valve and 
closes fluid conpnunication between the actuating fluid drain passage and the 
actuating fluicr chamber of the exhaust valve thereby allowing the exhaust valve to 
be hydraulically moved towards its opened position; and a power piston positioned 
in the conriDustion chamber and operable to move therein between i) an expansion 
position at which the combustion chamber reaches its maximum volume and ii) a 
contrac/ion position at which the combustion chamber reaches its minimum volume; 
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wherein said actuating fluid compr^sor chamber and actuating fluid storage 

69 chamber of each power mo^iife are isolated from fluid conrmiunication and 

70 independently operablp^ith respect to the actuating fluid compressor chamber and 

71 actuating fluid stgi^e chamber of any other said power module of the internal 

72 combustion erv^ne. 
"73 

1 40. The internal combustion engine of claim 39, wherein said 

2 actuating fluid compressor cell and combustion cell of each power module are 

3 located adjacent to one another. 
4 

1 41. The internal combustion engine of claim 39, wherein said power 

2 modules are arranged substantially in-line relative to one another, 
3 

1 42. The internal combustion engine of claim 39, wherein the actuating 

2 fluid compressor cells are arranged in an alternating and substantially in-line pattern 

3 with respect to the combustion cells. 



43. (Amended) A two-stroke cycle pg^er module, comprising: 

2 a rotatable crankshaft; 

3 a combustion chamber; 

4 an actuating fluid drain passage^ 

5 an actuating fluid common rarf adapted to be arranged in fluid 

6 communication with a source of pressurized actuating fluid; 

7 a movable power pistcWpositioned in the combustion chamber and 

8 coupled to the crankshaft for movement therewith; 

9 an electronically^ontrollable hydraulically-actuatable intake valve having an 

10 actuating fluid/chamber and a piston portion positioned in the actuating fluid 

1 1 chamber, said inta^ valve selectively operable to admit air into the combustion 

12 chamber; 

13 an ele|(^h*onically-controllable magnetically-latchable first control valve 

14 arranged in/rluid communication between the actuating fluid common rail and the 

15 actuatinffTluid chamber of the intake valve, said first control valve selectively 
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16 operable to move between i) a closed position at which the first control valye closes 

17 fluid communication between the actuating fluid common rail and the a^uating fluid 

18 chamber of the intake valve and opens fluid communication betweei/the actuating 

19 fluid drain passage and the actuating fluid chamber of the intake/valve thereby 

20 allowing the intake valve to be moved towards its closed position and ii) an opened 

21 position at which the first control valve opens fluid comminncation between the 

22 actuating fluid common rail and the actuating fluid charnjber of the intake valve and 

23 closes fluid communication between the actuating fluica drain passage and the 

24 actuating fluid chamber of the intake valve thereby flowing the intake valve to be 

25 hydraulically moved towards its opened position;/ 

26 an electronically-controllable hydraulicartly-actuatable exhaust valve having 

27 an actuating fluid chamber and a piston portion positioned in the actuating fluid 

28 chamber, said exhaust valve selectively o^rable to vent exhaust gas from the 

29 combustion chamber; 

30 an electronically-controllable lAagnetically-latchable second control valve 

31 arranged in fluid communication beween the actuating fluid common rail and the 

32 actuating fluid chamber of the exHaust valve, said second control valve selectively 

33 operable to move between i) a closed position at which the second control valve 

34 closes fluid communication between the actuating fluid common rail and the 

35 actuating fluid chamber of ihe exhaust valve and opens fluid communication 

36 between the actuating fluid drain passage and the actuating fluid chamber of the 

37 exhaust valve thereby allowing the exhaust valve to be moved towards its closed 

38 position and ii) an opened position at which the second control valve opens fluid 

39 communication between the actuating fluid common rail and the actuating fluid 

40 chamber of the e/haust valve and closes fluid communication between the actuating 

41 fluid drain passage and the actuating fluid chamber of the exhaust valve thereby 

42 allowing the Exhaust valve to be hydraulically moved towards its opened position 

43 an electronically-controllable hydraulically-actuatable fuel injector 

44 extending into the combustion chamber and selectively operable to inject fuel 

45 thereiny/wherein said injector includes an actuating fluid chamber, a piston portion 

46 positioned in the actuating fluid chamber, a check valve movable between a closed 

47 position at which the check valve blocks injection of fuel and an opened position at 
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48 which the check valve opens injection of fuel, and an elej^tfonically-controllable 

49 magnetically-latchable third control valve arranged m^uid communication between 

50 the actuating fluid common rail and the actuating^uid chamber of the injector, said 

51 third control valve selectively operable to nip^ve between i) a closed position at 

52 which the third control valve closes fluid/communication between the actuating fluid 

53 common rail and the actuating fluid cHamber of the injector and opens fluid 

54 communication between the actuating fluid drain passage and the actuating fluid 

55 chamber of the injector thereby^l lowing the check valve of the injector to be moved 

56 towards its closed position imd ii) an opened position at which the third control 

57 valve opens fluid comrmjmication between the actuating fluid common rail and the 

58 actuating fluid chamber of the injector and closes fluid communication between the 

59 actuating fluid dram passage and the actuating fluid chamber of the injector thereby 

60 allowing the cMck valve to be hydraulically moved towards its opened position, 

61 wherein said/crankshaft is selectively rotatable in one angular direction and a reverse 

62 angular dj^ction in response to selectable timing and sequence of operation of the 

63 intake and exhaust valves and the fuel injector relative to the position of the power 

64 pistp 
65 

1 44. A method of operating a two-stroke cycle power module having a 

2 rotatable crankshaft; an air compressor cell defining a variable-volume air 

3 compressor chamber, an air supply port, and an air exit port, said air supply port and 

4 air exit port each arranged in fluid communication with the air compressor chamber, 

5 said air supply port adapted to communicate with a source of supply air; an air 

6 supply valve associated with the air supply port and selectively operable to move 

7 between i) a closed position at which the air supply valve closes the air supply port 

8 and thereby closes fluid communication between the source of supply air and the air 

9 compressor chamber via the air supply port and ii) an opened position at which the 

10 air supply valve opens the air supply port and thereby opens fluid communication 

1 1 between the source of supply air and the air compressor chamber via the air supply 

12 port; an air pump piston positioned in the air compressor chamber and operable to 

13 move between i) an expansion position at which the air compressor chamber reaches 

14 its maximum volume and ii) a contraction position at which the air compressor 
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!5 chamber reaches its minimum volume; a combustion cell defining a variable- volume 

16 combustion chamber separate from the air compressor chamber, an air intake port, 

17 and an exhaust port, said air intake port and exhaust port each arranged in fluid 

18 communication with the combustion chamber; an air storage chamber arranged in 

19 fluid communication between the air exit port of the air compressor cell and the air 

20 intake port of the combustion cell; an intake valve associated with the air intake port 

21 of the combustion cell and selectively operable to move between i) a closed position 

22 at which the intake valve closes the air intake port and thereby closes fluid 

23 communication between the air storage chamber and the combustion chamber via 

. 24 the air intake port and ii) an opened position at which the intake valve opens the air 

25 intake port and thereby opens fluid communication between the air storage chamber 

26 and the combustion chamber via the air intake port; an exhaust valve associated with 

27 the exhaust port of the combustion cell and selectively operable to move between i) 

28 a closed position at which the exhaust valve closes the exhaust port and thereby 

29 closes fluid communication between the combustion chamber and the exhaust port 

30 and ii) an opened position at which the exhaust valve opens the exhaust port and 

31 thereby opens fluid communication between the combustion chamber and the 

32 exhaust port; and a power piston positioned in the combustion chamber and coupled 

33 to the crankshaft for movement therewith, said power piston operable to move in the 

34 combustion chamber between i) an expansion position at which the combustion 

35 chamber reaches its maximum volume corresponding to a 180° angular position of 

36 the crankshaft and ii) a contraction position at which the combustion chamber 

37 reaches its minimum volume corresponding to a 0° angular position of the 

38 crankshaft, said method comprising the steps of: 

39 moving the power piston from its contraction position and towards its 

40 expansion position; 

41 opening the exhaust valve when the power piston has been moved to a first 

42 position corresponding to a first angular position of the crankshaft; 

43 opening the intake valve when the power piston has been moved to a second 

44 position corresponding to a second angular position of the crankshaft; 

45 moving the power piston to its expansion position; 
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46 moving the power piston from its expansion position and towards its 

47 contraction position; 

48 closing the exhaust valve when the power piston has been moved to a third 

49 position corresponding to a third angular position of the crankshaft; 

50 closing the intake valve when the power piston has been moved to a fourth 

5 1 position corresponding to a fourth angular position of the crankshaft; and 

52 moving the power piston to its contraction position. 
53 

1 45. The method of claim 44, wherein the angular distance between the 

2 first and fourth angular positions is about 80^. 
3 

1 46. The method of claim 44, wherein the first angular position of the 

2 crankshaft is about 140°, the second angular position of the crankshaft is about 160°, 

3 the third angular position of the crankshaft is about 200°, and the fourth angular 

4 position of the crankshaft is about 220°. 
5 

1 47. The method of claim 44, wherein during operation of the power 

2 module the combustion chamber has a peak fluid pressure of about 13,790 kPa 

3 (about 2000 psi) when the power piston is at its contraction position. 

4 

1 48. The method of claim 44, wherein during operation of the power 

2 module the combustion chamber has a residual fluid pressure greater than 

3 atmospheric pressure when the power piston is at its expansion position. 
4 

1 49. The method of claim 48, wherein the residual fluid pressure in the 

2 combustion chamber is at least about 138 kPa (about 20 psi). 


1 50. (Arnend€3)The method of claim 48, wherein the residual fluid 

2 pressure in tlp^mbustion chamber is in the range of about 138 to 207 kPa (about 

3 20 to SQ^Jsi). 


4 


